Thermal annealing followed by acid etching of zircon (chemical abrasion or CA) can be successfully utilised to minimize or eliminate the effects of major and cryptic Pb-loss for SIMS UPb zircon dating. The procedure is demonstrated by applying the U-Pb SIMS technique to both untreated and chemically abraded zircons from the Karkonosze Granite, Sudetes, SW Poland.
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4 Büsch, 1981; McClelland and Mattinson, 1996; Mattinson, 1994 ) demonstrated varying degrees of success. Thermal annealing of zircons prior to an acid partial digestion Mattinson, 2005; Mattison et al., 2006) proved to be crucial in developing the technique before it became adopted by isotope laboratories worldwide. This was developed exclusively as an effective pre-treatment prior to ID-TIMS analysis. Unlike air-abrasion, "chemical abrasion" (CA) can remove regions of Pb-loss from the interior of grains, even at a very small scale. A few recent studies have demonstrated an improved accuracy when grains are treated by CA producing slightly but significantly older U-Pb ages (e.g. . This is presumably due to incomplete removal of areas of Pb-loss from the interior of grains when air-abraded. For the CA technique Mattinson (2005) , using a series of incrementally higher temperature partial dissolution steps, demonstrated that at lower temperature leachates showed the highest degree of Pb-loss. At some stage of the partial dissolution process, all portions of zircon which have underwent Pb-loss are removed leaving zircon which is likely to give a concordant analysis and true age.
Whereas Pb-loss has been well documented by ID-TIMS geochronology where multi-grain, whole single grain, or single grain fragments have been analysed, it has less commonly been reported when micro-beam techniques are utilized. This apparent lack of the effects of Pb-loss from micro-beam geochronological data has been heralded as a major advantage of the high degree of spatial resolution inherent in such techniques. Careful selection of apparently pristine domains indeed allows avoidance of potentially damaged parts of grains. Exceptions to this general rule do however exist. For instance, Ashwall et al. (2007) demonstrated that SHRIMP dating of a population of exclusively magmatic, c. 730 Ma old zircon, was subjected to amphibolite facies metamorphism at c. 522 Ma as recorded by growth of metamorphic monazite. The metamorphic event did not result in new zircon growth or resetting of pre-existing magmatic zircon, but caused considerable Pb-loss as documented by both ID-TIMS and SHRIMP dating on the same sample. In a separate U-Pb SHRIMP study of the famous Archaean Jack Hills conglomerate and Mt Narryer
5 metasediments, Pidgeon and Nemchin (2006) presented data showing extreme Pb-loss which is probably a cumulative effect of events, both in the Archaean and recent times. Pb-loss trajectories are evident from both samples, with some results up to c. 80 % discordant, despite the fact that the authors avoided areas of zircon which were cracked or had visible inclusions or opacity. Whereas such severe Pb-loss is easily recognized, smaller degrees of Pb-loss may yield a result which may still remain concordant, or at least overlaps with the Concordia curve due to the relatively large size of error ellipses (especially on 207 Pb/ 235 U) or degree of Concordia curvature. A Pb-loss identification in such cases is problematic, or even impossible.
Disturbance of mineral chronometers involving radiogenic isotope(s) partial loss is inherent to all isotope systems, whatever analytical technique is used. The unique advantage of the U-Pb system is that it involves two independent, but ideally coupled clocks; this allows to circumvent the negative effects of partial opening provided that the two clocks can be used in combination. Due to relative abundances of radiogenic Pb isotopes however, this results in an intrinsic problem of in situ techniques when applied to recent zircons, because the 235 U -
207
Pb parent-daughter pair does not
give very useful information. In such cases, insufficient 207 Pb atoms are available in the microvolume sputtered or ablated, resulting in poor counting statistics and therefore relatively large analytical uncertainties disguising discordance. Therefore, in situ ages obtained on geological young material are essentially
206
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6 coherent age populations. We demonstrate by means of comparison of untreated grains from the same sample that recognition of Pb-loss is not necessarily straightforward or obvious even when using micro-beam techniques. Comparison with previously determined Rb-Sr, U-Pb and Ar-Ar ages for the same igneous body supports our interpretation that our CA SIMS data give a meaningful, significantly older magmatic emplacement age for the rock.
The CA test applied by the authors was designed as a provisional attempt to check whether this technique originally designed as a pre-treatment for TIMS analysis (Mattinson, 2005; Mattison et al., 2006) was suited to in-situ dating techniques such as SIMS. Some factors of the analytical protocols, such as the data being collected in two separate analytical sessions and a lower than optimum number of cycle runs, have introduced some additional levels of uncertainty but do not detract from the overall outcome of the experiment. We present a technique which can be applied to any U-Pb SIMS zircon dating where inaccuracy caused by Pb-loss is not a desired result.
Geological background of the dated sample

Geological setting
Large granitic plutons are widespread in the internal part of the central-European Variscides, being a result of intense magmatic activity that culminated between c. 330 and 290 Ma (Kryza et al., 2004; Mazur et al., 2006) . One of them, the Karkonosze Granite in the West Sudetes at the northern periphery of the Bohemian Massif, is a c. 60 km long and up to 20 km wide body straddling the Czech/Polish border (Fig. 1) . The pluton is located in the core of the NeoproterozoicPalaeozoic medium-grade metamorphic envelope of the Izera-Karkonosze Massif (Oberc-Dziedzic et al., 2010) . The metamorphic envelope of the massif comprises a pile of thrust units, composed
mainly of c. 500 Ma orthogneisses associated with variegated metasedimentary sequences (predominantly mica schists and marbles), and bimodal metavolcanic rocks. The general tectonostratigraphic subdivision of the metamorphic envelope and distribution of the main tectonic units are shown in Figure 1 .
The Karkonosze Granite has been intensively investigated, starting with classical granitetectonic studies by Closs (1925) , through detailed geological and petrographic study by Borkowska (1966) , Klomínský (1969) , Mierzejewski and Oberc-Dziedzic (1990) , to more recent petrological research (Ţák and Klomínský, 2007; Słaby and Martin, 2008) . Despite being the focus of a comprehensive research, the exact timing of pluton emplacement remains unresolved.
The Karkonosze Pluton comprises several granite types, with two dominating varieties: (a) porphyritic and (b) equigranular (aphyric) granites; other varieties (e.g. "granophyric" type) are subordinate (Borkowska, 1966; Mierzejewski and Oberc-Dziedzic, 1990 ). Overall, the granite is considered as a late-or post-orogenic pluton (Duthou et al., 1991; Diot et al., 1994; Wilamowski, 1998) of KCG (High-K calk-alkaline granites) type of Barbarin (1999) , and of mixed origin (Słaby et al., 2006) . Słaby and Martin (2008) , based on geochemical modelling, showed that mixing of coeval mantle-derived lamprophyre magmas and crust-derived granitoid magmas strongly influenced the evolution of the predominant porphyritic granites, whereas the equigranular granite facies originated by fractional crystallization.
Previous geochronology of the Karkonosze Granite
In terms of geochronology, there have been many attempts to date the Karkonosze Granite. The
Rb-Sr whole rock isochron method employed by Pin et al. (1987) and Duthou et al. (1991) gave 328±12 Ma for a "central" porphyritic granite and 309±3 Ma for a "ridge" equigranular granite. It is noteworthy that the c. 328 Ma age was obtained both at the scale of the pluton and at the meter
scale, through analysing separately the different layers of a schlieren-bearing block. Pb-Pb evaporation and conventional U-Pb multigrain zircon dating yielded an age of 304±14 Ma for a porphyric monzogranite (Kröner et al., 1994) . Subsequent to this, U-Pb SHRIMP zircon ages of 314±3 Ma and 318±4 Ma were determined for porphyritic granites in the NE part of the pluton (Machowiak and Armstrong, 2007) , and between 302±6 and 314±5 Ma for other varieties of the granite (Kusiak et al., 2008) . 40 Ar/ 39 Ar dating of a single biotite from a porphyritic Karkonosze
Granite ("Liberec-type") gave a plateau age of 320±2 Ma, with the two last high temperature steps at 315 and 314 Ma (Marheine et al., 2002) . The eastern part of the Karkonosze Pluton is cut by the Karpacz-Janowice Wielkie dyke swarm, which consists of several tens of mafic (lamprophyric) to felsic dykes cropping out in a NE--striking zone, c. 20x10 km in size (Awdankiewicz, 2007) .
Recently, a microgranodiorite dyke of that swarm has been dated using the SHRIMP U-Pb zircon method at 313±3 Ma (average Concordia age for seven points) or 318±3 Ma (selected concordant point), thus approximately constraining the age of the hypabyssal magmatism in the Karkonosze
Massif and the minimum age of the host Karkonosze Granite (Awdankiewicz et al., 2010) . The porphyritic granite studied contains large, up to several cm in size, euhedral porphyrocrysts of pink K-feldspar, often rimmed with whitish plagioclase (rapakivi-type texture), all enclosed in a coarse-grained matrix composed of pinkish K-feldspar, whitish plagioclase, quartz and biotite. Rare plagioclase phenocrysts are rimmed by one or two biotite-rich rings. Quartz grains display even extinction and tend to form aggregates. Biotite is dark brown, with rare traces of chloritization.
Scarce accessory minerals visible in thin-section are zircon and apatite.
Methods
Zircon separation
The studied c. 3 kg porphyritic granite sample was crushed, sieved, and the 0.06-0.25 mm heavy fraction separated using the conventional heavy liquid (sodium polytungstate) procedure. A hand-picked zircon separate was annealed and subjected to CA. Representative CA single grains were imaged at high magnification by SEM to investigate details of surface textures (Fig. 2) . Handpicked zircons representing slightly different morphological types from the untreated and from CA fractions were mounted in two separate epoxy pucks, polished and used for optical microscopy, cathodoluminescence (CL) imaging ( Fig. 3 ) and, finally, SIMS analysis.
Chemical abrasion
The CA technique used in this study closely follows that described by Mattinson (2005) hours. After cooling, the HF-HNO 3 solution was pipetted off and the CA zircons were rinsed several times in ultra-pure water, cleaned in warm 3N HCl for several hours on a hotplate and rinsed again in ultra-pure water. Zircons treated in this manner were then pipetted in alcohol for preparation of a conventional epoxy puck.
The primary purpose of zircon thermal annealing is to seal up fission tracks, alpha-recoil tracks and micro-cracks (Mattinson, 2005) , however larger-scale fractures are likely to remain open. High-U domains with considerable radiation damage are not fully annealed. Such metamict zircon is often largely or completely dissolved during the relatively low temperature CA. In this regard, the
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11 process screens grains which have suffered severe radiation damage and Pb-loss. Mattinson (2005) demonstrated how annealed zircons behave during incrementally higher temperature partial dissolution steps. With each higher temperature step, a greater volume of the zircon will be dissolved, furthermore, the lower temperature leachates often contain the highest U concentrations.
From this, it is intuitive that (i) when exposed to HF-HNO 3 vapour, the high-U (and other trace element-rich) zones will dissolve more readily, and (ii) higher temperatures will cause more aggressively partial dissolution. Whereas we have adopted a temperature of 180 o C for CA in this study, temperatures between 120 and 210 o C could be used, depending on the observed U concentrations and also the severity of partial dissolution anticipated to be required to effectively remove zones of Pb-loss.
SHRIMP analytical procedure
In-situ U-Pb analyses, both of the non-abraded and CA zircons, were performed on a SHRIMP-II at the Centre of Isotopic Research (CIR) at VSEGEI, St. Petersburg, Russia. A secondary electron multiplier in peak-jumping mode was applied, following the procedure described in Williams (1998) and Larionov et al. (2004) . A primary beam of molecular oxygen was employed to ablate zircon in order to sputter secondary ions. The elliptical analytical spots had a size of c. 27 x 20 μm, and the corresponding primary ion current was c. 4 nA. The sputtered secondary ions were extracted at 10 kV. The 80 μm wide slit of the secondary ion source, in combination with a 100 μm multiplier slit, allowed mass-resolution of M/ΔM > 5000 (1 % valley) so that all the possible isobaric interferences were resolved. One-minute rastering over a rectangular area of c. 120 μm was employed before each analysis in order to remove the gold coating and possible surface common Pb contamination. Four cycles for each analysis were acquired. Each fifth measurement was carried out on the TEMORA 1 zircon U/Pb standard (Black et al., 2003) The 91500 zircon was applied as a "U-concentration" standard. The collected results were then processed with SQUID v1.13a (Ludwig, 2005a) and ISOPLOT/Ex 3.22 (Ludwig, 2005b) software, using the decay constants of Steiger and Jäger (1977) . The common lead correction was accomplished using measured 204 Pb according to the model of Stacey and Kramers (1975) . 
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Possible sources of SIMS inaccuracy
While poor counting statistics is considered to be the main factor of poor precision, inaccuracy may be attributed to other factors. A shift in 206 Pb/ 238 U ratio and, hence, apparent age, may result from:
1. common Pb correction to erroneous lead isotope composition, especially in 204 Pb-rich zircons;
2. Secondary Electron Multiplier (SEM) saturation (Williams and Hergt, 2000) , such as that which is likely to occur when U concentrations exceed 5000 ppm producing an erroneous older age due to U/Pb undercounting. This effect may combine with perturbation of the U-Pb system through Pbloss, occasionally giving a final value indistinguishable of "true age"; 3. focus/extraction disturbance due to spontaneous sample movement (Black et al., 2004);  4. poor focus due to rigid surface;
5. remote position of unknown zircon relative to standard on a puck (Stern and Amelin, 2003) ;
6. difference in crater depth for unknowns and standards caused by different ablation rate or differences in analytical procedure;
7. compositional misfit to standard zircon, so-called "matrix effect" (Black et al., 2004) . Such heterogeneities could be tiny inclusions or fractures contributing to such matrix effects.
8. zircon annealing at high temperatures (>900 o C) may induce formation of baddeleyite and redistribution of Pb within certain zones causing reverse discordance (McLaren et al., 1994) .
9. Severe reverse discordance of untreated zircon analysed by SIMS has been documented by Wiedenbeck et al. (1995) . This has been attributed to enhanced ion yields (relative to U yield) of labile radiogenic Pb present in amorphous microdomains within the zircon.
Any of these factors above may readily occur in U-rich, or metamict zircon. Indeed migration of trace elements, including lead, can easily occur in metamict zircon considering its destructed porous structure. While in pristine zircon, fractures and small inclusions (even unexposed) can easily be identified, e.g. in transmitted-light images, a metamict zircon may hide defects below its very surface being usually non-transparent.
Thus usually U-rich zircons are not generally the target of choice in SIMS geochronology.
Summarizing the above, it may be concluded that if U-rich zircon dating is unavoidable, the data obtained should be controlled by other isotope techniques to provide extra evidence for age. In the case of the Karkonosze zircons, which are U-204 Pb-and impurity-rich, all these factors may contribute to inaccuracy.
Detailed comparison of zircons before and after chemical abrasion
Zircons from sample SZH are morphologically very homogeneous and represented, almost entirely, by euhedral, normal-to long-prismatic crystals between c. 70-250 x 30-80 x 20-70 μm (Fig. 3) . In transmitted light, they are usually colourless, transparent to slightly turbid. Some of untreated euhedral crystals display obvious traces of former surface intergrowths or inclusions.
Other surface features such as curvilinear fractures are also present. Irregular cracks and fissures are quite common and may be linked to the high U content of some of the zircons. No distinct cores are discernible optically but magmatic inclusions are also abundant.
In transmitted light, the CA zircons appear darker in colour and less transparent (Fig. 3) . In reflected light and in BSE images, the polished surface of the CA crystals reveals many imperfections such as nets of irregular cracks and sets of grooves, the latter imitating the euhedralshaped internal zoning. In SEM images (Fig. 2) , the CA grains display some very different characteristics. The CA zircon population displays significant physical deterioration. Overall, the habit remains the same but crystals are mechanically weak and prone to disintegration during polishing. SEM images of CA grains reveal swarms of sub-micron pits and micro-channel networks of etched and dissolved pathways. In many cases, these appear to follow v-shaped patterns, or linear zones parallel to external surfaces. Crystallographic imperfections have been strongly accentuated by CA showing that indistinct cleavage and zoning boundaries appear to be weakened parts of the crystals being more easily damaged by metamictization and, consequently, prone to preferential dissolution. It is notable that although all grains have been subjected to the same thermal annealing and HF acid attack, some have been more aggressively attacked than others. Importantly, some dissolved pathways appear to penetrate through the entire zircon grain or follow 3D growth-zones.
These images also illustrate how conventional HF acid vapour digestion of zircon is likely to proceed.
CL images reveal that the zircon population is also fairly homogeneous, with only rare distinct inherited cores (Fig. 3) . Typically, the zircons are CL-dark, reflecting high U and Th contents.
Many grains have CL-brighter internal parts, mostly parallel to the external euhedral habit, locally slightly rounded. These internal parts are irregularly structured, with CL-darker amoeboid patches.
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15 CL imaging of CA grains demonstrate a number of features illustrating how CA has affected the zircons. Firstly, magmatic zoning is still present despite the high temperature of thermal annealing. This is due to the time required for diffusion of trace elements in zircon being far greater than the short duration of annealing (Cherniak and Watson, 2000) . Importantly, the closure temperature for Pb in crystalline zircon (Lee et al., 1997) is such that the U-Pb isotopic system is not disturbed during this annealing process (Mattinson, 2005) . CL images indicate that, in most cases, dark CL (high-U) zones have been selectively dissolved. As with the SEM images, this can be observed to have occurred in 3D, penetrating into the innermost portions of the crystals. Grains in the epoxy mount appear to be fragmented, this is largely an artefact of the plane at which they have been ground, polished and imaged, as undissolved zircon occurs at depth in the mount. Once being CA however, some grains appear as skeletal pseudomorphs of former entire grains and are extremely fragile (e.g. grains 30 and 33, Fig. 3 ). Crystals with partially dissolved linear zones cutting across the oscillatory zoning are also evident in the CL images. These are likely to represent microfractures along which fluids could have leached radiogenic lead from damaged zircon domains.
SHRIMP results
U-Pb SIMS data from untreated zircons
Twelve analyses in eleven zircon grains have been carried out ( Pb c contents vary between 0.04 and 10.7 %.
U-Pb SIMS data from chemically abraded zircons
Sixteen analyses in thirteen abraded zircons were performed. The zircons are slightly variable in their geochemical characteristics with moderate to high U (175-1 377 ppm) and Th (81-506 ppm) concentrations ( 
Possible causes of inaccuracy in U-Pb SIMS ages
Background on SIMS methodologies
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It has long since been recognized that deviation from expected U-Pb ages, determined by ID-TIMS, can occur in microbeam dating techniques, including SIMS. Factors, other than Pb-loss, such as poor counting statistics, detector saturation, matrix standard -to -sample (mis-) matching (Black et al., 2004) , threshold concentrations of trace elements (Williams and Hergt, 2000; Rasmussen and Fletcher, 2002) , crystallographic direction orientation (Wingate and Compston, 2000) and crystal position on the mount (Stern and Amelin, 2003) , have all been cited as possible causes of an observable bias in SIMS U-Pb dating. These are evaluated in turn as possible causes for the age discrepancy between sample SZH for untreated and CA zircons.
Matrix matching between standard and sample
In a study of matrix effects relating to U-Pb SIMS geochronology, Black et al. (2004) There appears to be a reverse correlation, but not necessarily any direct cause, between sense of age offset with Nd concentration over a surprisingly narrow concentration range. For instance, Black et al. (2004) found that the zircon standard AS3, which has higher concentrations of Nd (c. 7 ppm) relative to TEMORA 1 (c. 3 ppm), displays a corresponding negative 206 Pb/ 238 U age offset of c. 1 % from the accepted TIMS age. Due to the fact that the limit on precision of 206 Pb/ 238 U SIMS data for zircon from the Karkonosze Granite in this study is in the order of 2 %, it is likely that only extreme differences in zircon Nd between the TEMORA 1 standard and analysed sample could be linked with any recognisable apparent age offset effect. ppm Nd) and non-treated (122-658 ppm Nd, with one outlier of 18 ppm Nd) zircons (Table 3) .
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Threshold concentrations of trace elements
The 91500 zircon with a U concentration of 81.2 ppm and a
206
Pb/ 238 U age of 1062.4±0.4 Ma was applied as a U-concentration standard for this study. The U concentration of zircons from sample SZH is considerably higher than that of the standard. The high U concentration of zircons, such as that observed in zircons from the Karkonosze Granite, is a problematic factor in SIMS dating. There is a lack of suitable and readily available natural standard material in this concentration range. Williams and Hergt (2000) have stated that for SIMS dating, a Although it is recognised that high U concentrations may cause a positive bias in ages determined, the higher U concentrations in the larger expected radiation damage and Pb-loss, which yields younger apparent ages. It is likely that there is a complex and unquantifiable interplay between a positive apparent age bias and Pb-loss in some of the high-U zircon grains. The CL images of CA grains show the process may be used as a screening tool whereby high-U zones are preferentially partially dissolved. Taking this process to an extreme, high-U grains may be entirely dissolved where this would be an advantageous outcome to screen for or eliminate zircons unsuitable for U-Pb SIMS geochronology.
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Age bias in relation to puck edge effect
In a comprehensive study of SIMS analysis error sources, Stern and Amelin (2003) found. This effect was seen to be most extreme at the edges of the 10 mm diameter area where measured ratios could deviate by as much as c. 1.6 % from edge to edge in the Y-steering (horizontal) direction.
Our study compares U-Pb data from two grain mounts whereby the analysed grains were positioned in the central portion of each mount and unknowns have been mounted just next to standards. In this regard there should not be any discernable bias in the measured ratios due to "edge-effects". Moreover, the observed age discrepancy between the separate mounts (c. 6 %) is far greater than could reasonably be attributed to even the most extreme spatially correlated variations.
Discussion
There have been several attempts to obtain meaningful emplacement ages for the Karkonosze Granite. Previous U-Pb zircon dating attempts, using a range of techniques, have yielded apparent ages between c. 302-319 Ma, while a cross cutting dyke limits a minimum age to c. 313 -318 Ma (Awdankiewicz et al., 2010) . A main factor contributing to the difficulties faced seems to be the chemical features of the zircons, namely the elevated U and Th contents (600-1 300 ppm U in the untreated population). With such high concentrations of radioactive elements, the zircons are prone to structural damage, metamictization and consequently disturbance of the U-Pb isotopic system. Utsunomiya et al. (2007) have shown that heavily metamictized high U and Th zones in zircons also have higher concentrations of trace element impurities (e.g. Ca, Al) and secondary alteration nano-phases. Although some "ambient annealing" of zircon could occur over geological timescales and under suitable conditions (Nasdala et al., 2001) , once a point of interconnectivity of amorphous radiation damaged zones has been attained, Pb-loss can occur. Indeed, metamictization accelerates diffusion of Pb in radiation damaged zones (Cherniak et al., 1991) Pb/ 238 U age bias in SIMS geochronology, however it would appear that here such an age bias can be predominantly ascribed to the effects of remobilisation and Pb-loss. Significantly, it is not possible to statistically recognise Pb-loss in the main population of untreated zircons. If these analyses were to be taken in isolation (and ignoring other constraints, e.g. Ar-Ar and Rb-Sr data, and the c. 313-318 Ma U-Pb zircon age of a cross-cutting dyke), it could be assumed that 306±3
Ma represents a true magmatic crystallisation age for the Karkonosze Granite. However, comparison with U-Pb dating of the CA grains indicates that the entire untreated population has
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22 suffered a notable amount of Pb-loss. It may be the case that this would have been recognised with higher precision analyses (e.g. < 0.1 % 2 error achievable with ID-TIMS), but in terms of a routine level of precision attained by SIMS (c. 1-2 % per analysis), this example clearly identifies a real possibility that such cryptic Pb-loss would not be readily evident. Chemical abrasion of zircons has also resulted in visible removal of inclusions and presumably also the alteration products resulting in lower common lead.
Given that some analyses from the CA zircons lie on a Pb-loss trajectory from c. 324 Ma, we can deduce that the procedure as described has not fully removed metamict Pb-lost domains from every analysed grain, however it has reduced the overall volume of affected zircon within the treated population. An investigation into radiation damage in natural zircon (Nasdala et al., 2005) has shown that sites of high alpha particle impact/recoil damage can occur in low actinide zones where they have originated from adjacent zones with higher U and Th. Bearing in mind that the partial dissolution procedure preferentially attacks high-U zones in the zircons, it is possible that some residual effects of Pb-loss due to alpha radiation in the relatively lower U zones may remain.
It is feasible that partial dissolution at higher temperatures would have been more effective in removing damaged portions of zircons hence resulting in a more effective removal of the Pb-loss effects from all the grains. Given the relatively high concentration of U in the sample however, higher temperatures were not utilized as this may have resulted in complete dissolution of the zircons. This is supported by the observation that treated grains generally have lower U concentration, suggesting that higher U zircon have already been dissolved. Given that a bulk fraction was treated however, the extent of total dissolution of grains cannot be quantified.
Conclusion
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Although the CA technique was originally developed as a utility to eliminate or minimise the effects of Pb-loss in zircon for ID-TIMS, we demonstrated it's applicability to SIMS U-Pb geochronology. The CA technique, which is now widely accepted as the most robust pre-treatment tool for high-precision TIMS U-Pb chronology Mattinson, 2005; Mattison et al., 2006) , has not previously been demonstrated to be effective in micro-beam techniques. Using a population of zircons from the Karkonosze Granite (SW Poland), we illustrate that a modified CA procedure is beneficial in:
1) Cleansing or removing domains which were prone to lead loss, mainly due to chemical impurities, and imperfections in the zircon lattice (radiation damage). This treatment allows retention less-or undisturbed zircon domains for analysis, thus significantly reducing the effects of Pb-loss on the U-Pb chronometer.
2) Dramatically reducing the amounts of non-radiogenic ("common") lead, via preferential dissolution of domains containing high common Pb (e.g. magmatic inclusions) and micromineral inclusions which may also contain relatively high amounts of initial common lead, Y and REE. CA also removes any "unsupported" lead which might have entered the grains along cracks or contaminated "spongy" domains within grains.
Consequently, the CA method allows us to make analytical results more accurate. The overall effect is a significant improvement in age accuracy, as has been demonstrated in CA-TIMS.
Importantly, the CA approach has an additional benefit when applied to in situ methods, because it may reduce, to a negligible level, the effects of partial lead loss analysed micro-domains.
This effect is readily recognisable in severe cases but, as our untreated zircon population demonstrates, can by cryptic and impossible to identify without reference to another technique or robust isotope system. In so doing, this technique can potentially greatly improve the accuracy of the measured ages, which otherwise may lag far behind the quoted precisions. A C C E P T E D M A N U S C R I P T 
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34 Table 1 SHRIMP data for non-abraded sample SZH. Table 2 SHRIMP data for chemically-abraded sample SZH. Table 3 Laser ablation analyses of Hf and selected REE for abraded sample SZH (in ppm). Error in Standard calibration was 0.48% (not included in above errors but required when comparing data from different mounts).
(1) Common Pb corrected using measured 204 Pb.
A C C E P T E D M A N U S C R I P T Error in TEMORA Standard calibration was 0.54% ( Average of 14).
(1) Common Pb corrected using measured 204 Pb. Table 3 Laser ablation analyses of Hf and selected REE for abraded sample SZH (in ppm). 
Non-abraded Abraded
